All relevant data are within the paper and its Supporting Information files.

Introduction {#sec007}
============

Chronic diseases, including physical and mental illnesses, are a significant burden to both patients and the health care system. There were an estimated 12.7 million new cases of cancer worldwide in 2008 \[[@pone.0191980.ref001]\]; and diabetes prevalence was estimated to be 6.4%, affecting 285 million adults worldwide in 2010 \[[@pone.0191980.ref002]\]. People with chronic diseases have increased morbidity and consume substantially more health care resources than those without \[[@pone.0191980.ref003], [@pone.0191980.ref004]\]. Adherence to evidence-based recommendations for clinical care is associated with better outcomes and lower resource use for patients with chronic diseases \[[@pone.0191980.ref005]--[@pone.0191980.ref007]\]. For example, clinical trials show that in patients with diabetes, tight control of blood pressure, use of statins and achieving good glycemic control improves outcomes and lowers costs \[[@pone.0191980.ref005]\]. Despite widespread dissemination of practice guidelines, many people with chronic diseases do not receive or adhere to recommended care \[[@pone.0191980.ref008]--[@pone.0191980.ref011]\].

This difficulty in implementing evidence-based care may be due to a combination of patient, provider and system level barriers \[[@pone.0191980.ref012]\]. Patient level barriers may include lack of awareness of publicly funded programs (including community-based resources), financial constraints, competing priorities (e.g., family and work), personal circumstances, language and culture (i.e., race/ethnicity) \[[@pone.0191980.ref013]\]; such barriers could make it challenging to follow even seemingly simple lifestyle recommendations. At the provider level, barriers may include lack of clinical decision support systems to implement recommended care, lack of time and knowledge. System level barriers include the inherent complexity of the health care system and suboptimal access to primary or specialty care.

Patient navigators are trained personnel who help patients overcome modifiable barriers to care and achieve their care goals by providing a tailored approach to addressing individual needs \[[@pone.0191980.ref014]--[@pone.0191980.ref016]\]. Navigators may be nurses, social workers or lay health workers, including peers. Patient navigator programs were originally established to reduce gaps in timely cancer care among marginalized populations \[[@pone.0191980.ref017]\], and are increasingly in use across the United States and Canada within the cancer field \[[@pone.0191980.ref018]\]. Patient navigation is also currently used for diabetes \[[@pone.0191980.ref019]\], smoking cessation \[[@pone.0191980.ref020], [@pone.0191980.ref021]\] and cancer screening \[[@pone.0191980.ref022]\]. Depending on the targeted barriers, specific tasks may include one or more of: disease education \[[@pone.0191980.ref023], [@pone.0191980.ref024]\], health system education \[[@pone.0191980.ref023], [@pone.0191980.ref025], [@pone.0191980.ref026]\], removal of medical system barriers \[[@pone.0191980.ref017]\], assistance with insurance coverage \[[@pone.0191980.ref027]\], addressing other financial barriers \[[@pone.0191980.ref017]\], aiding in care coordination \[[@pone.0191980.ref023]\], referral to community resources \[[@pone.0191980.ref024]\], and providing emotional support, among others.

Previous reviews of patient navigators have focused on cancer care \[[@pone.0191980.ref016], [@pone.0191980.ref028]\], though patient navigators are increasingly being utilized in other areas \[[@pone.0191980.ref029], [@pone.0191980.ref030]\]. While their popularity is growing, and many are touting their benefits \[[@pone.0191980.ref031]\], it is not clear whether patient navigator programs are beneficial across a cross-section of chronic diseases. As there is wide variation in the design and implementation of patient navigator programs in various chronic diseases, a systematic review is needed to summarize the characteristics of programs and their effectiveness. In this systematic review, we assess the effectiveness and attributes of patient navigator services, compared with usual care, on patient-oriented outcomes and processes of care in patients with chronic diseases.

Methods {#sec008}
=======

Data sources and searches {#sec009}
-------------------------

We searched MEDLINE, EMBASE, The Cochrane Central Register of Controlled Trials (CENTRAL), CINAHL, PsycINFO, and Social Work Abstracts up to August 23, 2017 with no language or date restrictions. In our MEDLINE search strategy, we included potential synonyms for patient navigator (case management, care coordination, health coach), terms for the set of chronic diseases of interest, and restricted the search to randomized controlled trials ([S1 File](#pone.0191980.s001){ref-type="supplementary-material"}). The MEDLINE search strategy was peer reviewed via PRESS \[[@pone.0191980.ref032]\]. We also systematically searched reference lists of included studies and relevant reviews.

Study selection {#sec010}
---------------

We included randomized controlled trials (RCTs) evaluating the effectiveness of a patient navigator program compared to usual care. Study population could be adult or pediatric patients, that either had or were being screened for one of the following chronic diseases, as included in the Statistics Canada Canadian Community Health Survey \[[@pone.0191980.ref033]\]: asthma, arthritis, hypertension, migraine, COPD/emphysema, diabetes, heart disease, cancer, intestinal/stomach ulcers, stroke, urinary incontinence, inflammatory bowel disorder, dementia, mood disorders, anxiety disorders; with the addition of HIV/AIDS, and chronic kidney disease, which includes transplant recipients and patients on dialysis.

There is currently no standard definition of a patient navigator, thus there is variability between patient navigator programs, as well as overlap with programs under different names \[[@pone.0191980.ref034]\]. We defined a patient navigator as a person with or without a healthcare-related background that engages with patients on an individual basis to determine barriers to accessing care or following recommended guidelines. The patient navigator also provides information relevant to patients' specific circumstances to facilitate self-management and access to care. We were flexible in terms of the name of the intervention used by study authors (i.e., patient navigator, community health worker, etc.), as long as program descriptions were consistent with our definition. Studies were excluded if they evaluated programs where patient navigators performed clinical care (i.e., prescribed medication, ordered diagnostic tests, performed physical measurements), or where the role was not formalized (i.e., casual or untrained support).

Two reviewers independently screened all titles and abstracts of retrieved references. Two authors then applied the full set of inclusion and exclusion criteria to all articles chosen for full text review. Reviewers resolved any disagreements by discussion.

Data extraction and quality assessment {#sec011}
--------------------------------------

Data extraction was done by one reviewer, using standard data extraction forms and verified by a second reviewer. For studies with several trial arms, data were collected across each relevant comparison. Data elements included characteristics of the study, outcomes and results, along with details of the navigator program. Outcome measures of interest fell into one of three broad categories: patient-oriented (mortality, health-related quality of life, and complications of disease, e.g., MI, stroke); surrogate outcomes (e.g., achieving target blood pressure or glycemic control); and process measures, including access to appropriate services, and adherence to recommended clinical actions (e.g., cancer screening). Measures of patient experience and patient satisfaction were also collected. The risk of bias criteria suggested by the Cochrane Effective Practice and Organisation of Care Group (EPOC) were used to assess study quality \[[@pone.0191980.ref033]\]. Items retained from the tool to assess bias were: random sequence generation, allocation concealment, blinding of outcome assessment, incomplete outcome data, group similarity at baseline and intention-to-treat analysis. Risk of bias in each domain was assessed as high, low or unclear.

Data synthesis and analysis {#sec012}
---------------------------

Though the goal of the systematic review was to provide a quantitative assessment of the effects of an intervention, we found a heterogeneous group of programs, chronic diseases and outcomes, and we therefore used a narrative approach to data synthesis. To assist in assessing effectiveness across this large number of studies, we tabulated the primary outcome of each of the studies, a summary of the result, and whether the changes were statistically significant. We determined the proportion of studies with positive outcome results (primary or secondary) in each outcome category, stratified by chronic disease. We explored the association between program features and a statistically significant improvement using logistic regression.

Given the heterogeneity in outcomes, it was not possible to assess publication bias using a traditional funnel plot. To provide an estimate of publication bias, we divided the studies into quintiles of sample size and compared the proportion of studies reporting a positive statistically significant effect across quintiles. All work aligned with a protocol that was developed and published ahead of the review \[[@pone.0191980.ref035]\].

Results {#sec013}
=======

Description of studies {#sec014}
----------------------

We identified and screened 14,672 potentially relevant abstracts. Seventy-four papers describing 67 unique studies met our inclusion criteria, and were included in the review ([Fig 1](#pone.0191980.g001){ref-type="fig"}). [Table 1](#pone.0191980.t001){ref-type="table"} summarizes the characteristics of the included studies, while [Table 2](#pone.0191980.t002){ref-type="table"} provides an overview of the individual studies, grouped by disease. The vast majority of studies (90%) were conducted in the United States and sample size varied from 21 to 16,267 participants, with the majority of studies (52%) including between 100 and 500 participants. A summary of the quality assessment is presented in [Fig 2](#pone.0191980.g002){ref-type="fig"} and a detailed assessment by study is presented in the Supplementary Table ([S1 Table](#pone.0191980.s003){ref-type="supplementary-material"}). Though all studies were RCTs, quality varied, and many studies were lacking information on allocation concealment and blinding of outcome assessment.

![PRISMA flow diagram of study selection.](pone.0191980.g001){#pone.0191980.g001}

![Summary of risk of bias across studies.](pone.0191980.g002){#pone.0191980.g002}

10.1371/journal.pone.0191980.t001

###### Summary of characteristics of included studies.

![](pone.0191980.t001){#pone.0191980.t001g}

  --------------------------------------------------------------------------------------------------
  Characteristic                                                               No. of studies (%)\
                                                                               (n = 67)
  ---------------------------------------------------------------------------- ---------------------
  **Country**[**[\*](#t001fn001){ref-type="table-fn"}**]{.ul}                  

      USA                                                                      60 (90)

      Canada                                                                   3 (4)

      Australia                                                                2 (3)

      UK                                                                       1 (1)

      France                                                                   1 (1)

      South Africa                                                             1 (1)

  **Disease**                                                                  

      Cancer                                                                   6 (9)

      Cancer diagnosis                                                         11 (16)

      Cancer screening                                                         27 (40)

      Diabetes                                                                 8 (12)

      CVD                                                                      4 (6)

      HIV/AIDS                                                                 7 (10)

      CKD                                                                      2 (3)

      Dementia                                                                 1 (1)

      Multiple                                                                 1 (1)

  **Size**                                                                     

      \<100                                                                    7 (10)

      100--499                                                                 35 (52)

      500--999                                                                 12 (18)

      \> = 1000                                                                13 (19)

  **Patient Setting**                                                          

      Primary care                                                             26 (39)

      Specialty clinic                                                         19 (28)

      Hospital                                                                 7 (10)

      Community                                                                12 (18)

      Other                                                                    3 (4)

  **Navigator type**                                                           

      Lay                                                                      43 (64)

      Peer                                                                     6 (9)

      Professional                                                             8 (12)

      Professional + Lay                                                       3 (4)

      Not reported                                                             7 (10)

  **Program features**[**[\*\*](#t001fn002){ref-type="table-fn"}**]{.ul}       

      Facilitates care (referrals, communication, coordination)                40 (60)

      Appointment scheduling                                                   32 (48)

      Accompaniment                                                            17 (25)

      Practical support (transportation, dependent care, finance)              39 (58)

      Language support                                                         27 (40)

      Culturally tailored/ethnicity-matched                                    28 (42)

      Promotes health literacy                                                 29 (43)

      Addresses attitudes and beliefs                                          43 (64)

      Encourages treatment adherence                                           13 (19)

      Appointment reminders                                                    34 (51)

      Delivers education                                                       58 (87)

      Provides psychosocial support                                            42 (63)

  **Communication medium**[**[\*\*](#t001fn002){ref-type="table-fn"}**]{.ul}   

      Telephone                                                                60 (90)

      In-person---patient home                                                 18 (27)

      In-person---other                                                        38 (57)

      Mail                                                                     32 (48)

      E-mail                                                                   6 (9)

  **Intensity---frequency**                                                    

      Brief (1--2 contacts, ≤1 in-person)                                      19 (28)

      Medium (2--5 contacts)                                                   15 (22)

      High (contact as needed)                                                 33 (49)

  **Intensity---duration**                                                     

      Up to 3 months                                                           21 (31)

      3--12 months                                                             34 (51)

      \>12 months                                                              12 (18)
  --------------------------------------------------------------------------------------------------

\*one study conducted in USA and Canada

\*\*not mutually exclusive

10.1371/journal.pone.0191980.t002

###### Summary of included studies.

![](pone.0191980.t002){#pone.0191980.t002g}

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Author(s)\                                           Size    Population and setting                                                                                                                                Intervention                                                                                                                                                                                                                                                                                                                                                                                                 Control                                                                                                                                                  Max duration of navigation (follow-up if differs)   Outcomes (primary bolded)                                                                                                                                                                                                                                                                  Summary of primary outcome effect---bolded if significant (intervention vs control)
  Year\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   
  Country\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                
  ---------------------------------------------------- ------- ----------------------------------------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ -------------------------------------------------------------------------------------------------------------------------------------------------------- --------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  **Cancer treatment**                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    

  Fiscella/ Hendren\                                   438     Underserved men or women with newly diagnosed breast or colorectal cancer at two outpatient study sites (Rochester and Denver)                        Face-to-face assessment with PN to identify and address barriers, provide education and emotional support                                                                                                                                                                                                                                                                                                    Usual care                                                                                                                                               12 months                                           **Time to completion of adjuvant treatment**\                                                                                                                                                                                                                                              57 vs 63 days (p\>0.05)
  2012\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        Psychological distress; satisfaction with cancer care; QOL (in subset of 319 Rochester patients)                                                                                                                                                                                           
  USA\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
  \[[@pone.0191980.ref036], [@pone.0191980.ref037]\]                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

  Ell\                                                 487     Low-income women with newly diagnosed breast or gynecological cancer at oncology practices                                                            Telephone assessment with PN to assess barriers, and tiered navigation services across three levels of intensity based on need                                                                                                                                                                                                                                                                               Usual care + written info on available resources and education pamphlet                                                                                  12 months                                           **Adherence to adjuvant treatment**                                                                                                                                                                                                                                                        No SS difference
  2009\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   
  USA\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
  \[[@pone.0191980.ref038]\]                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

  White\                                               653     Patients with newly diagnosed colorectal cancer in the community                                                                                      Letter with feedback on unmet needs and levels of anxiety and depression; Pathfinder provided emotional, informational, and instrumental support with written action plan and follow-up calls; relay to primary care physician                                                                                                                                                                               Usual care                                                                                                                                               12 months                                           **Change in supportive care needs; Change in anxiety & depression**\                                                                                                                                                                                                                       No SS difference in supportive care needs; **decrease in anxiety (p\<0.001**)
  2012\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        Colorectal symptoms; Use of support services; Social support                                                                                                                                                                                                                               
  Australia\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              
  \[[@pone.0191980.ref039]\]                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

  Percac-Lima\                                         3234    Outpatients with cancer at high predicted risk of missing a scheduled appointment at oncology practices                                               PN provided telephone appointment reminders, reviewed upcoming visit procedures, identified and addressed barriers, facilitated communication with members of practice                                                                                                                                                                                                                                       Usual care                                                                                                                                               1 week\                                             **Failure to attend appointment**\                                                                                                                                                                                                                                                         **10.2% vs 17.5% (p\<0.001)**
  2015\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    (5 months)                                          Number of vacated timeslots filled                                                                                                                                                                                                                                                         
  USA\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
  \[[@pone.0191980.ref040]\]                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

  Giese-Davis\                                         104     English-speaking patients aged 20--85 diagnosed with breast cancer in the last 3 months in the community                                              Related stories, provided support, connected to community resources, recognize trauma symptoms, and assess need for professional help                                                                                                                                                                                                                                                                        Usual care                                                                                                                                               6 months                                            **Quality of life; Cancer-related trauma symptoms**\                                                                                                                                                                                                                                       **QOL: SS higher (p = 0.01)**; no SS difference in trauma symptoms\
  2016\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        Cancer self-efficacy; Marital interaction; Depression symptoms; Breast cancer resources                                                                                                                                                                                                    
  USA\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
  \[[@pone.0191980.ref041]\]                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

  Shaw\                                                128     Caregivers and adult patients discharged home from surgical treatment for advanced gastrointestinal cancers                                           Telephone based assessment of caregiver well-being, barriers to care, and needs, connection with local resources                                                                                                                                                                                                                                                                                             Usual care                                                                                                                                               10 weeks\                                           **Caregiver quality of life**\                                                                                                                                                                                                                                                             No SS difference
  2016\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    (6 months)                                          Caregiver: Burden; Psychological distress; Unmet needs; Patient: Acute care utilization; QoL; Unmet needs; Psychological distress\                                                                                                                                                         
  Australia\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              
  \[[@pone.0191980.ref042]\]                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

  **Cancer diagnosis**                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    

  **Breast cancer**                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       

  Ferrante\                                            105     Low-income and minority women with abnormal mammogram findings at outpatient hospital clinic                                                          Needs assessment and tailored navigation by PN, including emotional support, appointment scheduling and preparation, reminders, financial applications, access to care/resources, facilitated communication with health care team                                                                                                                                                                            Usual care                                                                                                                                               2 months                                            **Time to diagnostic resolution**\                                                                                                                                                                                                                                                         **25.0 vs 42.7 mean days (p = 0.001)**
  2008\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        Change in anxiety; Patient satisfaction                                                                                                                                                                                                                                                    
  USA\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
  \[[@pone.0191980.ref043]\]                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

  Ell\                                                 204     Low-income women with abnormal mammogram findings at public medical clinic                                                                            PN provided adherence risk assessment, health education and psychosocial counseling, systems navigation, tracking and reminders, referral to community resources, according to 3 tiered service levels based on assessed risk                                                                                                                                                                                Usual care                                                                                                                                               8 months                                            **Diagnostic resolution within 8 months**\                                                                                                                                                                                                                                                 **90% vs 66% (p\<0.001)**
  2007\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        Timely follow-up                                                                                                                                                                                                                                                                           
  USA\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
  \[[@pone.0191980.ref044]\]                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

  Crump\                                               83      African American women with abnormal mammogram findings at hospital breast clinic                                                                     Lay health advocate provided reminders via telephone or mail, education, identified and addressed barriers, referral to resources, accompaniment                                                                                                                                                                                                                                                             Usual care                                                                                                                                               6 months                                            **Attendance at follow-up appointment**\                                                                                                                                                                                                                                                   **95.8% vs 77.1% (p = 0.02)**
  2008\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        Attendance at FNA/biopsy if indicated; Attendance at all follow-up appointments\                                                                                                                                                                                                           
  USA\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
  \[[@pone.0191980.ref045]\]                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

  Maxwell\                                             176     Korean American women with abnormal breast findings who had missed follow-up appointment at community health clinic                                   PN provided reminders, informational support, education, assistance with completing forms, emotional support, accompaniment                                                                                                                                                                                                                                                                                  Usual care                                                                                                                                               6 months                                            **Completion of follow-up diagnostic exam**                                                                                                                                                                                                                                                **97% vs 67% (p\<0.001)**
  2010\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   
  USA\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
  \[[@pone.0191980.ref046]\]                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

  Bastani\                                             1671    Low-income and minority women with abnormal breast findings at county hospital outpatient clinics                                                     Professional provided information and education, support and encouragement, and addressed barriers via telephone, followed by regular contact with lay health worker (LHW) to provide informational, emotional and social support, encouragement and health system navigation                                                                                                                                Usual care                                                                                                                                               6 months                                            **Diagnostic resolution within 6 months**                                                                                                                                                                                                                                                  55% vs 56% (p = 0.56)
  2010\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   
  USA\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
  \[[@pone.0191980.ref047]\]                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

  **Cancer diagnosis**                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    

  **Cervical cancer**                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     

  Lerman\                                              90      Low-income minority adolescents and women who missed scheduled colposcopy                                                                             Telephone counseling to address educational barriers, psychological barriers and practical barriers, using scripted messages                                                                                                                                                                                                                                                                                 Telephone call to reschedule appointment and assess barriers                                                                                             Once\                                               **Attendance at colposcopy appointment**                                                                                                                                                                                                                                                   **67% vs 43% (p\<0.05)**
  1992\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    (NR)                                                                                                                                                                                                                                                                                                                                           
  USA\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
  \[[@pone.0191980.ref048]\]                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

  Miller\                                              828     Low-income minority women with an abnormal pap test referred to colposcopy                                                                            \(1\) Pre-colposcopy appointment structured phone call to elicit and address expectancy, emotional, and practical barriers, using scripted messages; (2) Same as 1 and with booster call prior to 6-month follow-up visit                                                                                                                                                                                    \(1\) Telephone reminder 1 week ahead of appointment (C+R); (2) No telephone contact (C)                                                                 Once\                                               **Attendance at first colposcopy appointment within 6 months**\                                                                                                                                                                                                                            **76% vs 68% (p\<0.05); OR 1.50 (1.04, 2.17)** (I 1&2 vs C+R)
  1997\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    (6 months)                                          Attendance at follow-up colposcopy appointment                                                                                                                                                                                                                                             
  USA\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
  \[[@pone.0191980.ref049]\]                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

  Engelstad\                                           348     Low-income minority women with an abnormal pap test at county hospital outpatient clinics                                                             Computerized tracking system; In-person assessment with Community Health Advisor and structured counseling, appointment scheduling, reminders, and follow-up for missed appointments                                                                                                                                                                                                                         Usual care                                                                                                                                               6 months                                            **Attendance at follow-up appointment within 6 months**                                                                                                                                                                                                                                    **61% vs 32% (p = 0.001)**
  2005\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   
  USA\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
  \[[@pone.0191980.ref050]\]                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

  **Cancer diagnosis**                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    

  **Multiple types**                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

  Wells/Lee/Lee\                                       1576    Underserved men or women with breast (1294) or colorectal (282) cancer screening abnormality at primary care clinics                                  PN identified and addressed patient-level barriers, provided education, appointment scheduling                                                                                                                                                                                                                                                                                                               Usual care                                                                                                                                               6 months                                            **Change in median time to diagnostic resolution; Change in proportion with diagnostic resolution within 6 months**\                                                                                                                                                                       42 to 61 days vs 38 to 42 days (p = 0.16); 61.9 to 74.5 vs 68.2 to 68.5 (p = 0.07)
  2012\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        Median time to diagnostic resolution in breast ca. only; Median time to diagnostic resolution in colon ca. only                                                                                                                                                                            
  USA\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
  \[[@pone.0191980.ref051]--[@pone.0191980.ref053]\]                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

  Raich\                                               993     Underserved men or women with breast (628), colorectal (235) or prostate cancer (130) screening abnormality at public safety net clinic               PN identified and addressed patient barriers, encouragement, social support; scheduled exams, communicated with clinical staff; accompaniment                                                                                                                                                                                                                                                                Usual care                                                                                                                                               12 months                                           **Time to diagnostic resolution within 12 months**\                                                                                                                                                                                                                                        **Shorter for intervention (p\<0.001)** (details not provided)
  2012\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        Diagnostic resolution within 12 months; Number of cancers diagnosed; Stage at diagnosis                                                                                                                                                                                                    
  USA\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
  \[[@pone.0191980.ref054]\]                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

  Paskett\                                             862     Men or women with breast, cervical or colorectal cancer screening abnormality at primary care clinics                                                 PN identified needs, connected with services, facilitated communication with clinical staff, provided education, social support                                                                                                                                                                                                                                                                              Mailed educational materials                                                                                                                             15 months\                                          **Time to diagnostic resolution; Diagnostic resolution within timeframe**\                                                                                                                                                                                                                 **PN more effective over time (p = 0.012); HR increased from 1.17 (0.9, 1.52) to 1.65 (1.16, 2.33) from 3 to 15 months (p = 0.009)**
  2012\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    (NR)                                                                                                                                                                                                                                                                                                                                           
  USA\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
  \[[@pone.0191980.ref055]\]                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

  **Cancer screening**                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    

  **Breast cancer**                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       

  Weber\                                               376     Low-income urban women due for mammogram in primary care                                                                                              Primary care physician letter, Community Health Educator sent letter, provided outreach with education, reminders, identified and addressed barriers to care using telephone, home/office visits, or mail                                                                                                                                                                                                    Letter from primary care physician informing of need for screening                                                                                       4 months                                            **Completion of mammogram**\                                                                                                                                                                                                                                                               **25% vs 9.8% (p\<0.001); RR 2.57 (1.53, 4.35)**
  1997\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        Cost-effectiveness                                                                                                                                                                                                                                                                         
  USA\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
  \[[@pone.0191980.ref056]\]                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

  West\                                                237     Low-income rural African American women due for mammography and who remained non-adherent after 6 months from the community                           Community Health Care Workers provided tailored counseling by phone to identify and address barriers, provide personalized education, provided information re. scheduling and financial assistance                                                                                                                                                                                                           Tailored letter to promote adherence to screening                                                                                                        Once\                                               **Completion of mammogram within 12 months**                                                                                                                                                                                                                                               15% vs 13% (p = NS)
  2004\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    (6 months)                                                                                                                                                                                                                                                                                                                                     
  USA\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
  \[[@pone.0191980.ref057]\]                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

  Paskett\                                             851     Low-income rural women due for mammogram at rural community health center                                                                             Intensive education by Lay Health Advisor via two home visits, identified and addressed barriers, appointment scheduling, follow-up phone calls and mailings                                                                                                                                                                                                                                                 Usual care                                                                                                                                               12 months                                           **Completion of mammogram**\                                                                                                                                                                                                                                                               **42.5% vs 27.3% (p\<0.001); RR 1.56 (1.29, 1.87)**
  2006\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        Cost of intervention; Changes in modifiable factors (barriers, beliefs, knowledge)                                                                                                                                                                                                         
  USA\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
  \[[@pone.0191980.ref058]\]                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

  Rahm\                                                125     Women referred for hereditary breast and ovarian cancer genetic counseling                                                                            Telephone contact with PN to provide education about process, appointment scheduling, reminders                                                                                                                                                                                                                                                                                                              Usual care                                                                                                                                               3 months\                                           **Attendance at appointment within 9 months**\                                                                                                                                                                                                                                             44% vs 31% (p = 0.16)
  2007\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    (9 months)                                          Time to appointment; Cost                                                                                                                                                                                                                                                                  
  USA\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
  \[[@pone.0191980.ref059]\]                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

  Ahmed\                                               2357    Low-income women due for mammogram in managed care organization                                                                                       Stepped-care intervention: 1) reminder letter; 2) letter from primary care physician, and 3) face-to-face counseling with Community Health Outreach Worker that was tailored to need with a focus on education, fears, and resources                                                                                                                                                                         \(1\) Usual care (C); (2) Usual care + reminder letter (C+L)---both had self-referral access to outreach workers                                         Once\                                               **Completion of mammogram**                                                                                                                                                                                                                                                                **27% (I) vs 16% (C+L) vs 13% (C) (p\<0.01); RR 2.03 (1.64, 2.51) c/w C, 1.69 (1.39, 2.06) c/w C+L**
  2010\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    (12 months)                                                                                                                                                                                                                                                                                                                                    
  USA\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
  \[[@pone.0191980.ref060]\]                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

  Phillips\                                            3895    Low-income women eligible for mammogram at academic primary care clinic                                                                               Telephone contact with PN for women with no mammogram in previous 18 months (661) to identify and address barriers, schedule appointments; integrated with primary care team and interacted with providers                                                                                                                                                                                                   Usual care                                                                                                                                               9 months                                            **Completion of mammogram within 2 years**\                                                                                                                                                                                                                                                **87% vs 76% (p\<0.001); OR 2.5 (1.9, 3.2)**
  2011\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        Adherence rates by interval from last mammogram                                                                                                                                                                                                                                            
  USA\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
  \[[@pone.0191980.ref061]\]                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

  Marshall\                                            1705    African American women \> = 65 eligible for mammogram in primary care                                                                                 Educational materials + in-person/telephone support with PN who identified and addressed barriers, appointment scheduling, education, accompaniment, coaching on communication with providers                                                                                                                                                                                                                Printed educational materials                                                                                                                            24 months\                                          **Completion of mammogram within 2 years**                                                                                                                                                                                                                                                 **93.3% vs 87.5% (p\<0.001); OR 2.26 (1.59, 3.22)**
  2016\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    (up to 46 months)                                                                                                                                                                                                                                                                                                                              
  USA\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
  \[[@pone.0191980.ref062]\]                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

  **Cancer screening**                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    

  **Cervical cancer**                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     

  Taylor\                                              482     Chinese American women due for pap test from the community                                                                                            Home visit by Outreach Worker with educational materials, watched video together and provided tailored counseling and social and logistical support, with follow telephone contact                                                                                                                                                                                                                           \(1\) Usual care (C); (2) Mail intervention with video and printed educational materials (C+E)                                                           1 month\                                            **Completion of Pap test within 6 months and within 2 years**                                                                                                                                                                                                                              **6 months: 39% vs 15% (p\<0.001 for I vs C); OR 3.5 (1.9, 6.6); 2 years: 61% vs 34% (p\<0.001 for I vs C); OR 3.3 (1.9, 5.7)**
  2002\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    (6 months)                                                                                                                                                                                                                                                                                                                                     
  USA/\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   
  Canada\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 
  \[[@pone.0191980.ref063]\]                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

  Taylor\                                              234     Vietnamese American women due for pap test from the community                                                                                         Culturally appropriate educational materials including video, home visits by Lay Health Worker, social support, education, follow-up via telephone                                                                                                                                                                                                                                                           Educational materials on physical activity                                                                                                               1 month\                                            **Completion of Pap test within 6 months**                                                                                                                                                                                                                                                 24% vs 14% (p = 0.07)
  2010\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    (6 months)                                                                                                                                                                                                                                                                                                                                     
  USA\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
  \[[@pone.0191980.ref064]\]                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

  **Cancer screening**                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    

  **Colorectal cancer**                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   

  Jandorf\                                             78      Low-income minority men or women due for colorectal cancer screening in primary care                                                                  Same as control plus PN who provided reminders, education, appointment scheduling, support and encouragement via telephone                                                                                                                                                                                                                                                                                   FOBT cards placed in charts and physicians recommended screening                                                                                         6 months                                            **Completion of FOBT within 3 months; Completion of endoscopy within 6 months**                                                                                                                                                                                                            42.1% vs 25% (p = 0.086); **23.7% vs 5% (p = 0.019)**
  2005\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   
  USA\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
  \[[@pone.0191980.ref065]\]                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

  Basch\                                               456     Men or women due for colorectal screening; majority black race from the community                                                                     Education via telephone outreach, motivational counseling, addressed barriers, social and emotional support                                                                                                                                                                                                                                                                                                  Printed educational materials                                                                                                                            6 months                                            **Completion of CRC screening within 6 months**                                                                                                                                                                                                                                            **27.0% vs 6.1% (p = NR); RR 4.4 (2.6, 7.7)**
  2006\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   
  USA\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
  \[[@pone.0191980.ref066]\]                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

  Percac-Lima\                                         1223    Low-income and minority men or women due for colorectal cancer screening in primary care                                                              Mailed educational materials, telephone or in-person contact with PN to provide education and identify and address barriers, tailored follow-up contact with appointment scheduling, reminders, and accompaniment                                                                                                                                                                                            Usual care---no PN                                                                                                                                       9 months                                            **Completion of CRC screening within 9 months**\                                                                                                                                                                                                                                           **27.4% vs 11.9% (p\<0.001)**
  2008\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        Completion of colonoscopy specifically; Number of polyps and cancers per 100 patients                                                                                                                                                                                                      
  USA\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
  \[[@pone.0191980.ref067]\]                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

  Christie\                                            21      Low-income minority men or women due for colorectal cancer screening at community health center                                                       PN facilitated referral for colonoscopy, telephone contact to provide education, appointment scheduling, identified and addressed barriers, follow-up                                                                                                                                                                                                                                                        Referral form placed in patient chart for physician to complete                                                                                          6 months                                            **Completion of CRC screening at 3 and 6 months**\                                                                                                                                                                                                                                         53.8% vs 13% (p = 0.085)
  2008\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        Colonoscopy refusal; quality of colon prep                                                                                                                                                                                                                                                 
  USA\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
  \[[@pone.0191980.ref068]\]                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

  Lasser\                                              465     Low-income men or women due for colorectal cancer screening in primary care                                                                           Letter from primary care provider and printed materials + telephone contact from PN to provide education, identify and address barriers, counselling tailored to stage of change, facilitate referral for colonoscopy and appointment scheduling, emotional support                                                                                                                                          Usual care                                                                                                                                               6 months\                                           **Completion of CRC screening within 1 year**\                                                                                                                                                                                                                                             **33.6% vs 20.0% (p\<0.001)**
  2011\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    (12 months)                                         Proportion screened by colonoscopy; Proportion with detected adenomas or cancer; Proportion with high-risk lesions                                                                                                                                                                         
  USA\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
  \[[@pone.0191980.ref069]\]                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

  Coronado\                                            501     Hispanic men or women due for colorectal cancer screening at community health clinic                                                                  Mailed FOBT card with instructions +/- telephone call with Promotora to provide education and reminders +/- home visit to provide more details and address misconceptions                                                                                                                                                                                                                                    \(1\) Usual care (C); (2) Mailed FOBT cards with instructions (C+M)                                                                                      9 months                                            **Completion of FOBT screening**\                                                                                                                                                                                                                                                          31% vs 26% (C+M) vs 2% (C) (p\<0.001 for I vs C and C+M vs C; p = 0.28 for I vs C+M)
  2011\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        Survey reported awareness, participation, knowledge and attitudes about CRC screening                                                                                                                                                                                                      
  USA\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
  \[[@pone.0191980.ref070]\]                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

  Green\                                               4,675   Men or women due for colorectal cancer screening in primary care                                                                                      \(1\) Automated reminders + telephone assistance from medical office assistant to review screening intent and facilitated communication with primary care physician (I-1); (2) Automated reminders + telephone assistance + nurse navigation for patients with questions or seeking FOBT alternative---risk assessment, motivational counseling, assisting with referrals and appointment scheduling (I-2)   \(1\) Usual care with opportunistic reminders (C); (2) Usual care + automated reminders (C+R)                                                            24 months                                           **Completion of any CRC screening within 2 years; Being current with CRC in years 1 and 2**\                                                                                                                                                                                               **Any: 82.6% vs 77.9% vs 72.5% vs 57.4%; Current in Y1/Y2: 64.7% vs 57.5% vs 50.8% vs 26.3% (p\<0.001 for all)**\
  2013\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        Completion of specific types of CRC in year 1 and year 2; Intervention costs                                                                                                                                                                                                               **(I-2) vs (I-1) vs (C+R) vs (C)**
  USA\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
  \[[@pone.0191980.ref071]\]                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

  Myers/ Lairson\                                      945     Men or women due for colorectal cancer screening in primary care                                                                                      Baseline survey then (1) Mailed booklet and FOBT kit, nurse available to answer questions and provide reminder (SI); (2) Mailed booklet + materials specific to preferred screening method, phone call from Navigator to verify preference, identify and address barriers, provide encouragement, reminders (TNI)                                                                                            Baseline survey to assess screening attitudes and preferences, then usual care (C)                                                                       2 months\                                           **Completion of CRC screening within 6 months**\                                                                                                                                                                                                                                           **38% (TNI) vs 33% (SI) vs 12% (p\<0.001); OR 4.60 (3.02, 7.02) (TNI vs C), 3.69 (2.42, 5.64) (SI vs C), 1.25 (0.89, 1.75) (TNI vs SI)**
  2013\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    (12 months)                                         Completion of CRC screening within 12 months; Change in overall screening preference at 6 months; Cost-effectiveness                                                                                                                                                                       
  USA\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
  \[[@pone.0191980.ref072], [@pone.0191980.ref073]\]                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

  Myers\                                               764     African American men or women due for colorectal cancer screening in primary care                                                                     Baseline survey, mailed materials based on preference, personalized message identifying and addressing barriers, telephone contact from Navigator to review materials, address barriers, and follow up, and a reminder letter (TNI)                                                                                                                                                                          Baseline survey to assess screening attitudes and preferences, mailed booklet and FOBT kit, phone number to schedule colonoscopy, reminder letter (SI)   2 months\                                           **Completion of CRC screening within 6 months**\                                                                                                                                                                                                                                           **38.0% vs 23.7% (p = 0.001); OR 2.1 (1.5, 2.9)**
  2014\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    (12 months)                                         Completion of CRC screening within 12 months; Change in overall screening preference at 6 months                                                                                                                                                                                           
  USA\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
  \[[@pone.0191980.ref074]\]                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

  Enard\                                               303     Latino American men or women due for colorectal cancer screening from the community                                                                   Mailed materials + telephone contact from PN with structured automated prompts to identify and address barriers, assess screening history and provide education; follow up                                                                                                                                                                                                                                   Mailed educational materials                                                                                                                             6--48 months\                                       **Completion of CRC screening---variable follow-up**\                                                                                                                                                                                                                                      **43.7% vs 32.1% (p = 0.04); OR 1.64 (1.02, 2.62)**
  2015\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    (up to 48 months)                                   Completion of specific screening tests                                                                                                                                                                                                                                                     
  USA\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
  \[[@pone.0191980.ref022]\]                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

  Ritvo\                                               5240    Men or women due for colorectal cancer screening in primary care                                                                                      Introductory letter and invitation to in-person or telephone appointment for tailored nurse navigation based on screening preference; included education, facilitation of referrals, appointment scheduling                                                                                                                                                                                                  Usual care                                                                                                                                               Once\                                               **Completion of CRC screening within 12 months**                                                                                                                                                                                                                                           **35% vs 20% (p\<0.001); OR 2.11 (1.87, 2.39)**
  2015\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    (12 months)                                                                                                                                                                                                                                                                                                                                    
  Canada\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 
  \[[@pone.0191980.ref075]\]                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

  Greenspan 2016\                                      155     Men and women referred for colonoscopy screening at a hospital clinic                                                                                 Telephone contact to address topics related to colonoscopy in a patient-directed manner                                                                                                                                                                                                                                                                                                                      Usual care                                                                                                                                               Twice\                                              **Attendance at colonoscopy screening;** Adequacy of bowel preparation                                                                                                                                                                                                                     Attendance: 76.3% vs 77.3% (p = 0.99; Bowel prep: no SS difference
  USA\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     (NR)                                                                                                                                                                                                                                                                                                                                           
  Abstract\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               
  **\[[@pone.0191980.ref076]\]**                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          

  Cole\                                                731     African American men aged 50 years of older with uncontrolled hypertension and due for colorectal cancer screening                                    Telephone contact to assess logistic and psychosocial barriers to screening, educate, facilitated colonoscopy appointments, sent FIT screening tests to participants.                                                                                                                                                                                                                                        Motivational interviewing for blood pressure control                                                                                                     Twice (6 months)                                    **Completion of CRC screening within 6 months**                                                                                                                                                                                                                                            **17.5% vs 8.4% (p\<0.01)**
  2017\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   
  USA\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
  \[[@pone.0191980.ref077]\]                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

  Guillame\                                            16267   Men and women due for colorectal cancer screening in the community                                                                                    Invitation letter followed by phone calls, personalized information and assistance to address and overcome barriers (screening population was randomized but intervention was delivered to navigable population- overdue for screening and with valid phone number)                                                                                                                                          Usual care                                                                                                                                               Once\                                               **Completion of FOBT screening (screening and navigable populations)**\                                                                                                                                                                                                                    Screening: 29% vs 27.5, OR 1.08 (0.99, 1.18); **Navigable: 24.3% vs 21.1%, OR 1.19 (1.10, 1.29)**\
  2017\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    (9 months)                                          Reduction in social inequalities                                                                                                                                                                                                                                                           
  France\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 
  \[[@pone.0191980.ref078]\]                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

  DeGroff\                                             843     English or Spanish speaking adults from low-income neighbourhoods referred for colonoscopy screening at a hospital clinic                             Telephone contact to assess barriers, educate, address emotional concerns, make appointments, arrange transportation services, and facilitated communication with healthcare providers                                                                                                                                                                                                                       Usual care                                                                                                                                               6 months                                            **Completion of colonoscopy screening within 6 months**\                                                                                                                                                                                                                                   **61.1% vs 53.2 (p = 0.021); OR 1.51 (1.12--2.03)**
  2017\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        Adequacy of bowel preparation                                                                                                                                                                                                                                                              
  USA\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
  \[[@pone.0191980.ref079]\]                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

  **Cancer screening**                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    

  **Multiple types**                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

  Dietrich\                                            1413    Low-income and minority women 50--69 years of age due for breast, cervical or colorectal cancer screening from community and migrant health centers   Printed materials + telephone support from Prevention Care Manager to identify and address barriers, motivational support using a structured script, appointment scheduling, education, reminders, provider communication tools                                                                                                                                                                              Printed educational materials and a single telephone call from trial staff to promote preventive care                                                    18 months                                           **Completion of cancer screening within defined interval**                                                                                                                                                                                                                                 43% vs 30% (p = NR)
  2006\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   
  USA\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
  \[[@pone.0191980.ref080]\]                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

  Braun\                                               488     Asian and Pacific Islanders eligible for breast, cervical, colorectal or prostate cancer screening from the community                                 Telephone or home visits from PN, identified and addressed barriers, provided education, appointments and reminders, communication with providers                                                                                                                                                                                                                                                            Educational materials on nutrition and cancer                                                                                                            24 months (NR)                                      **Completion of cancer screening within defined interval**                                                                                                                                                                                                                                 **Pap test: 57.0% vs 36.4% (p = 0.001); Mammogram: 61.7% vs 42.4% (p = 0.003); PSA test: 54.4% vs 36.0% (p = 0.008); Endoscopy: 43.0% vs 27.3% (p\<0.001); FOBT: 20.7% vs 12.6% (p = 0.02)**
  2015\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   
  USA\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
  \[[@pone.0191980.ref081]\]                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

  Percac-Lima\                                         1612    Patients overdue for at least one screening test and at high risk for not completing screening in primary care                                        IT enabled patient tracking; telephone contact to explore individual barriers, provide motivational interviewing, reminders, arrange transportation, visit preparation, and accompaniment if needed                                                                                                                                                                                                          Usual care---included electronic/phone reminders                                                                                                         8 months                                            **Percentage of time screening was up to date during 8 months for all cancers and by individual cancer**\                                                                                                                                                                                  **All cancers: 10.2% vs 6.8%; MD 3.4% (1.5, 5.2); Breast: 14.7% vs 11.0%; MD 3.7% (0.2, 7.3); Cervical: 11.1% vs 5.7%; MD 5.4% (2.1, 9.2); Colorectal: 7.6% vs 4.6%; MD 3.0% (0.7, 5.2)**
  2016\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        Completion of any and each type of cancer screening within 8 months; as treated analysis                                                                                                                                                                                                   
  USA\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
  \[[@pone.0191980.ref082]\]                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

  **Diabetes**                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            

  Corkery\                                             64      Hispanic and African American men or women with type 2 diabetes enrolled in diabetes education program at a diabetes clinic                           Enrolled in diabetes education and Community Health Worker acted as liaison, provided accompaniment, served as an interpreter, reinforced care instruction, reminders, appointment scheduling                                                                                                                                                                                                                Enrolled in diabetes education program                                                                                                                   6 months\                                           **Program completion**\                                                                                                                                                                                                                                                                    **80% vs 47% (p = 0.01)**
  1997\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    (mean 7.7 months)                                   Change in knowledge-gain scores; Change in A1C                                                                                                                                                                                                                                             
  USA\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
  \[[@pone.0191980.ref083]\]                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

  Laffel\                                              171     Adolescents with type 1 diabetes at a pediatric and adolescent diabetes clinic                                                                        Care Ambassador provided appointment scheduling, assistance with health insurance/finances, monitor clinical attendance, via telephone                                                                                                                                                                                                                                                                       Usual care                                                                                                                                               24 months                                           **Frequency of visits; A1C at 24-months; Severe hypoglycemia; ER visits or hospitalizations**\                                                                                                                                                                                             **Mean visits: 7.1 vs 5.2 (p = 0.0001);** Mean A1C: 8.6% vs 8.7%; **Hypoglycemia: 10.1 vs 22.5/100 pt-years (p = 0.009); Hospitalizations: 10.6 vs 20.5/100 pt-years (p = 0.034)**
  1998\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        Patients with \<3 visits per year                                                                                                                                                                                                                                                          
  USA\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
  \[[@pone.0191980.ref084]\]\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             

  Svoren\                                              299     Children and adolescents with type 1 diabetes at a pediatric and adolescent diabetes clinic                                                           \(1\) Care Ambassador: Appointment scheduling, assistance with health insurance/finances, monitor clinical attendance, via telephone (CA); CA+: CA + educational modules implemented by CA\'s (CA+)                                                                                                                                                                                                          Usual care                                                                                                                                               24 months                                           **Frequency of visits; A1C at 24-months; Severe hypoglycemia; ER visits or hospitalizations**\                                                                                                                                                                                             **Mean visits: 7.3 CA vs 7.5 CA+ vs 5.4 C (p = 0.0001, CA/CA+ vs C)**; A1C: no difference; Hypoglycemia: 56.1 vs 45.4 vs 64.8/100 pt-years; ED visits: 37.5 vs 21.0 vs 32.6/100 pt-yrs; Hospitalizations: 18.2 vs 8.9 vs 12.7/100 pt-yrs
  2003\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        Patients with \<3 visits per year                                                                                                                                                                                                                                                          
  USA\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
  \[[@pone.0191980.ref085]\]                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

  Gary\                                                186     African American men or women with type 2 diabetes in primary care                                                                                    Home visits or telephone calls with Community Health Worker to provide education, assist with appointment scheduling, monitor adherence, mobilize social support, provide feedback to primary care provider (CHW) (2 additional arms including nurse case management were also part of this study)                                                                                                           Usual care + quarterly newsletter                                                                                                                        24 months                                           **Change in A1C over 2 years**\                                                                                                                                                                                                                                                            -0.30 ± 0.48%, CHW c/w C (p = NS)
  2004\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        Change in lipid profile and blood pressure; Dietary practices; Physical activity                                                                                                                                                                                                           
  USA\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
  \[[@pone.0191980.ref086]\]                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

  Spencer\                                             164     African American and Latino men or women with type 2 diabetes in primary care                                                                         Group education classes, 2 home visits & 1 clinic visit with Family Health Advocate providing comprehensive education, addressing patient goals, improving communication skills, facilitating referrals, telephone follow-up (FHA)                                                                                                                                                                           Usual care---access to community diabetes programming and monthly contact to update information                                                          6 months                                            **Change in A1C over 6 months**\                                                                                                                                                                                                                                                           **-0.99% FHA c/w C (p\<0.01)**
  2011\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        Change in LDL and BP; Self-management knowledge; Self-management; Psychological distress; Self-efficacy; Physical activity and dietary practices                                                                                                                                           
  USA\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
  \[[@pone.0191980.ref087]\]                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

  Thom\                                                299     Low income men or women with type 2 diabetes and A1C \> = 8.0% in primary care                                                                        In person and telephone contact with Peer Health Coach to assist with care planning, social and emotional support, assist with accessing care/resources, lifestyle and medication adherence                                                                                                                                                                                                                  Usual care                                                                                                                                               6 months                                            **Change in A1C over 6 months**\                                                                                                                                                                                                                                                           **-1.07% vs -0.3% (p = 0.01)**
  2013\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        Proportion with A1C decrease of \> = 1.0%; Proportion with A1C \<7.5% at 6 months; Change in LDL, SBP, BMI over 6 months                                                                                                                                                                   
  USA\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
  \[[@pone.0191980.ref019]\]                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

  Prezio\                                              180     Uninsured Mexican American men or women with type 2 diabetes from a community health center                                                           In-person meetings with Community Health Worker to provide education, facilitated physician contact and pharmacy refills, arranged referrals (CHW)                                                                                                                                                                                                                                                           Printed education materials, free blood glucose monitor and testing strips                                                                               12 months                                           **Change in A1C over 12 months**\                                                                                                                                                                                                                                                          **-0.7% CHW c/w C (p = 0.02)**
  2013\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        Number of medication changes; change in lipids, BP, BMI over 12 months                                                                                                                                                                                                                     
  USA\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
  \[[@pone.0191980.ref088]\]                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

  Carrasquillo\                                        300     Latino American men or women with type 2 diabetes and A1C \> = 8% in primary care                                                                     Structured intervention by Community Health Worker with home visits, telephone calls and group education sessions, navigation and assistance with social and non-medical needs                                                                                                                                                                                                                               Usual care                                                                                                                                               12 months                                           **Change in SBP, LDL, and A1C over 12 months**                                                                                                                                                                                                                                             **A1C: -0.38 vs +0.21% (p = 0.01)**; SBP -3 vs -1 mm Hg (p = NS); LDL: -1 vs +3 mg/dL (p = NS)
  2014\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   
  USA\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
  \[[@pone.0191980.ref089]\]                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

  **Cardiovascular risk**                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 

  Willard-Grace/Thom/Thom\                             441     Low income men or women with one of: type 2 diabetes and uncontrolled A1C, uncontrolled BP, or uncontrolled LDL in primary care                       In person and telephone contact from Health Coach to provide assistance with self-management skills, emotional and social support, medication and lifestyle adherence, clinic navigation, referrals, appointment scheduling, accompaniment; Contact via in-person medical visits and telephone                                                                                                               Usual care                                                                                                                                               12 months                                           **Proportion reaching at least one of A1C, SBP or LDL target among those not at target**\                                                                                                                                                                                                  **46.4% vs 34.3% (p = 0.02)**
  2015\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        Proportion reaching all targets and each of A1C, SBP or LDL; Proportion meeting goals regardless of baseline values; Change in patient trust in PCP and patient recommendation of PCP; Number of visits to PCP over 12 months; Change in medication concordance and medication adherence   
  USA\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
  \[[@pone.0191980.ref090]--[@pone.0191980.ref092]\]                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

  **Cardiovascular disease**                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

  Scott/Scott\                                         181     Men or women in hospital with an indication for outpatient cardiac rehabilitation                                                                     In-person meeting with PN prior to discharge to provide education, facilitate enrolment in outpatient cardiac rehabilitation program, follow up by telephone                                                                                                                                                                                                                                                 Usual care---discharge instructions                                                                                                                      2 weeks\                                            **Attendance at outpatient cardiac rehabilitation program**\                                                                                                                                                                                                                               **23.6% vs 6.7% (p = 0.003)**
  2013\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    (3 months)                                          OCR awareness at 12 weeks                                                                                                                                                                                                                                                                  
  USA\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
  \[[@pone.0191980.ref026], [@pone.0191980.ref093]\]                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

  Dennis\                                              417     Men or women with recent stroke in hospital and community post-discharge                                                                              Family Care Worker identified and addressed patient needs, assist with accessing care/resources, counselling                                                                                                                                                                                                                                                                                                 Usual care                                                                                                                                               6 months                                            **Patient and carer reported outcomes across multiple domains, including health status, social adjustment; Patient and carer satisfaction**                                                                                                                                                No important differences in patient or carer reported outcomes; Satisfaction higher in both patients and carers in intervention group
  1997\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   
  USA\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
  \[[@pone.0191980.ref094]\]                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

  Ali-Faisal\                                          94      Adult cardiac inpatients eligible for cardiac rehabilitation after discharge home                                                                     In-person visit to encourage enrolment in cardiac rehab and provide written materials, mailed card, phone call to discuss barriers to enrolment                                                                                                                                                                                                                                                              Usual care---included eReferral                                                                                                                          2 weeks\                                            **Attendance at cardiac rehabilitation**\                                                                                                                                                                                                                                                  51.3% vs 40.5% (p = 0.24)
  2016\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    (3 months)                                          Referral to cardiac rehabilitation                                                                                                                                                                                                                                                         
  Canada\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 
  \[[@pone.0191980.ref095]\]                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

  **HIV/AIDS**                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            

  Gardner\                                             316     Men or women with new diagnosis of HIV and not on antiretroviral therapy at an HIV clinic                                                             In-person contact with Case Manager to build rapport, identify and address needs and barriers, provide encouragement, accompaniment if needed                                                                                                                                                                                                                                                                Usual care---information pamphlet and referral to HIV provider                                                                                           3 months\                                           **Attendance at HIV care provider at least twice in 12 months**\                                                                                                                                                                                                                           **64% vs 49%, RRadj 1.41 (p = 0.006)**
  2005\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    (12 months)                                         Cost of intervention; HIV RNA viral load                                                                                                                                                                                                                                                   
  USA\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
  \[[@pone.0191980.ref096]\]                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

  Wohl\                                                250     Men or women with HIV and no more than one prior treatment regimen failure at public HIV clinics                                                      Weekly meetings with Adherence Case Manager, addressed barriers, assistance with health insurance/finances, emotional and social support, treatment, legal services, nutritional support; 2nd intervention arm with directly observed medication therapy                                                                                                                                                     Usual care including access to case manager and community supports; 2 of 3 clinics implemented adherence counselling outside of study                    6 months\                                           **Viral load \<400 copies/mL at 6 months**\                                                                                                                                                                                                                                                60% vs 54% (p = NS)
  2006\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    (36 months)                                         Log change in viral load; Change in CD4 cell count; Median CD4 cell count; Medication adherence; New or recurrent opportunistic infection                                                                                                                                                  
  USA\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
  \[[@pone.0191980.ref097]\]                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

  Wohl\                                                89      Inmates with HIV/AIDS approaching release seen at a state prison infectious disease clinic                                                            Meetings before and after release with Case Manager, addressed patient needs including housing, employment, medical and social, assistance with patient goals, transfer to community services                                                                                                                                                                                                                Usual care + discharge planning and referrals                                                                                                            9 months                                            **Attendance at HIV clinic (at least one visit within 4, 12, 24 and 48 weeks)**\                                                                                                                                                                                                           4 weeks: 65.1% vs 54.4% (p = 0.3); 12 weeks: 88.4% vs 78.3% (p = 0.2); 24 weeks: 90.7% vs 89.1% (P \>0.5)
  2011\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        Mean number of medical visits; Acute care utilization; Social service use; Re-incarceration                                                                                                                                                                                                
  USA\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
  \[[@pone.0191980.ref098]\]                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

  Metsch\                                              594     Low income men or women with HIV due for oral health services at HIV clinics                                                                          Case Manager provided in-person education, identified and addressed barriers, appointment scheduling, paperwork and transportation, referral to community services                                                                                                                                                                                                                                           Usual care                                                                                                                                               3 months\                                           **Attendance at dental care within 6 months**                                                                                                                                                                                                                                              **48.2% vs 25.7%, OR 2.52 (1.56, 4.08)**
  2015\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    (18 months)                                                                                                                                                                                                                                                                                                                                    
  USA\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
  \[[@pone.0191980.ref099]\]                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

  Metsch\                                              801     Inpatient men or women with high risk HIV and concurrent substance use                                                                                Inpatient visit to encourage motivation and engagement, care coordination, review health information, address barriers and provide psychosocial support; study also included a group that received financial incentives                                                                                                                                                                                      Usual care                                                                                                                                               6 months\                                           **Viral load \< = 200 copies/mL at 12 months; death**\                                                                                                                                                                                                                                     37.5% vs 34.1%, not SS; 12.9% vs 11.7%, not SS
  2016\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    (12 months)                                         HIV viral suppression at 6 months; Outpatient care with an HIV specialist; Presciption for HIV medications; HIV medication adherence; Substance use--related outcomes                                                                                                                      
  USA\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
  \[[@pone.0191980.ref100]\]                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

  Giordano\                                            460     Inpatient men or women with HIV not engaged in HIV care                                                                                               Inpatient visits followed by telephone contact to encourage active self-management, education, system navigation, address barriers, action planning and sharing stories                                                                                                                                                                                                                                      In person and telephone-based didactic education sessions focused on safer sex and drug use                                                              10 weeks\                                           **Attendance at HIV clinic within 30 days AND between 31 and 180 days AND viral load \< 400 copies/mL or decrease by 1 log at 6 months, if eligible for ART**\                                                                                                                             28% vs 28% (p = 0.94)
  2016\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    (6 months)                                          Health-related QOL; Acute care utlization; ART adherence; viral load improvement; retention in care                                                                                                                                                                                        
  USA\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
  \[[@pone.0191980.ref101]\]                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

  Bassett\                                             523     Men or women that speak English or Zulu with HIV seen in primary care                                                                                 In person meeting to provide support, education and address barriers, followed by series of phone calls to provide social support and address barriers and SMS reminders for tests and appointments                                                                                                                                                                                                          Usual care                                                                                                                                               4 months\                                           **Adherence to ART and/or TB treatment at 9 months if eligible for treatment**\                                                                                                                                                                                                            39% vs 42%; RR 0.93 (0.80, 1.08)
  2016\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    (9 months)                                          Mortality at 9 months                                                                                                                                                                                                                                                                      
  South Africa\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           
  \[[@pone.0191980.ref102]\]                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

  **Chronic kidney disease**                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

  Sullivan\                                            167     Men or women on dialysis and eligible for kidney transplant at community hemodialysis centers                                                         Monthly meetings with Navigator to assess stage in transplant process and provide relevant assistance tailored to stage---education, motivation, facilitated referrals and communication, logistical support                                                                                                                                                                                                 Usual care                                                                                                                                               24 months                                           **Number of steps completed (up to 7) in transplant process**                                                                                                                                                                                                                              **3.5 vs 1.6, difference 1.9 steps (1.3, 2.5)**
  2012\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   
  USA\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
  \[[@pone.0191980.ref103]\]                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

  Navaneethan\                                         209     Adults ages 18--80 years old with eGFR 15--45 ml/min/1.73 m2 seen at family health centers                                                            Monthly or quarterly in person meetings with intervening phone calls to address barriers, provide education, facilitate appointments, provide support and accompaniment if needed; study also included enhanced personal health record group                                                                                                                                                                 Usual care---advised to use their personal health record                                                                                                 24 months                                           **Change in eGFR over 2 years**\                                                                                                                                                                                                                                                           MD 0.4 ml/min/1.73m2 (-2.2, 3.1), not SS
  2017\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        Acquisition of laboratory measures; Prescription for renoprotective medications; Specialist referral rates; BP control; Hospitalizations and ED visits; Death                                                                                                                              
  USA\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
  \[[@pone.0191980.ref104]\]                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

  **Dementia**                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            

  Amjad\                                               303     Men and women with dementia and a caregiver in the community                                                                                          In-person assessment and monthly contact for individualized care planning based on unmet needs and priorities, education and skill-building, referrals to services, counselling, and care monitoring                                                                                                                                                                                                         Augmented usual care---needs assessment, resource guide                                                                                                  18 months                                           **Health service utilization---acute, outpatient, and home/community**                                                                                                                                                                                                                     No SS difference in any type
  2017\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   
  USA\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
  \[[@pone.0191980.ref105]\]                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

  **Multiple chronic diseases**                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           

  Kneipp\                                              432     Women receiving social assistance with at least one chronic health condition in an urban and rural welfare transition program                         Meetings with Public Health Nurse Case Manager to initiate linkage with primary care, education, referrals, screening and routine care, and assisting with patient goals, Medicaid training session                                                                                                                                                                                                          Usual care                                                                                                                                               9 months                                            **Depression; General health; Functional status**\                                                                                                                                                                                                                                         **Depressive symptoms decreased more rapidly**; No SS difference for general health or functional status
  2011\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        Attendance at primary care and mental health visit; Knowledge of Medicaid benefits                                                                                                                                                                                                         
  USA\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
  \[[@pone.0191980.ref106]\]                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Chronic diseases {#sec015}
----------------

Patient navigation has been tested through RCTs more commonly in the context of cancer care (66%; n = 44) than in any other chronic disease. Of the cancer care studies, the majority were in cancer screening where the patient navigator's focus was on helping the patient complete the screening test. Other chronic diseases where patient navigators have been studied include diabetes (n = 8), HIV (n = 7), cardiovascular disease (n = 4), chronic kidney disease (n = 2), dementia (n = 1) and multiple chronic diseases (n = 1).

Intervention characteristics {#sec016}
----------------------------

Most navigator programs (64%) employed lay persons trained for the role. The primary mode of communication was by phone (90%) and over half were based in primary care or the community (57%). Patient navigators were responsible for a wide variety of activities. The most frequent strategy used by patient navigators to address health system barriers was care facilitation (i.e., making referrals, communicating with providers, coordinating care), followed by appointment scheduling ([S2 Table](#pone.0191980.s004){ref-type="supplementary-material"}). The most common activities used to address patient barriers included addressing patient attitudes and beliefs, appointment reminders, health literacy support and practical assistance (e.g., assistance with transportation, coordination of dependent care, arrangements for financial help or insurance benefits). Patient navigators most often provided education about the tests and treatments required in the form of discussion with patients. Many patient navigators also provided some form of direct psychosocial support to their patients.

Many studies (n = 26) reported using patient navigators that were culturally aligned, that is, a patient navigator who identified with the patient population in terms of ethnicity or other cultural factors, or included educational materials or communication approaches that were culturally tailored. Frequency of contact between navigators and patients ranged widely from only one contact to 'as needed' during the study duration, and duration of navigation varied widely.

Outcomes {#sec017}
--------

We found significant heterogeneity in primary outcomes. With respect to patient-oriented outcomes, one study included death as a primary outcome \[[@pone.0191980.ref100]\], two hypoglycaemia \[[@pone.0191980.ref084], [@pone.0191980.ref107]\], and five studies assessed quality of life and/or health status as a primary outcome: two in patients undergoing cancer treatment \[[@pone.0191980.ref041], [@pone.0191980.ref108]\], one in caregivers supporting patients undergoing cancer treatment\[[@pone.0191980.ref109]\], one in stroke\[[@pone.0191980.ref094]\], and one in patients with multiple chronic diseases\[[@pone.0191980.ref110]\]. Surrogate outcomes were most often reported in diabetes, where change in A1C levels was reported in seven studies \[[@pone.0191980.ref084], [@pone.0191980.ref086]--[@pone.0191980.ref088], [@pone.0191980.ref107], [@pone.0191980.ref111], [@pone.0191980.ref112]\]; three studies in HIV reported viral load \[[@pone.0191980.ref100], [@pone.0191980.ref101], [@pone.0191980.ref113]\] and one study in CKD reported change in estimated glomerular filtration rate (eGFR) \[[@pone.0191980.ref104]\]. Process outcomes were the most frequently reported primary outcome (n = 50), and they included completion of disease screening and adherence to follow-up procedures. Patient satisfaction or experience was reported as a primary outcome in one study\[[@pone.0191980.ref094]\], while hospitalizations and emergency room visits were reported as primary outcomes in three studies \[[@pone.0191980.ref084], [@pone.0191980.ref105], [@pone.0191980.ref107]\]. Of the 67 unique studies identified in this review, 45 (67%) reported a statistically significant improvement in one or more primary outcomes. We did not find an association between any program characteristics and the finding of a statistically significant improvement in a primary outcome.

Secondary outcomes were broader in scope, although many were variations of the primary outcome: for example, diagnostic resolution within a specified time period (where the primary outcome was time to diagnostic resolution). Secondary outcomes more frequently included patient-reported outcomes, including physical and mental health status, quality of life, and psychological distress. Other patient-oriented outcomes were reported as secondary outcomes: diagnostic outcomes of cancer screening and follow-up were reported in three studies\[[@pone.0191980.ref114]--[@pone.0191980.ref116]\], use of acute care was reported in four studies \[[@pone.0191980.ref101], [@pone.0191980.ref104], [@pone.0191980.ref109], [@pone.0191980.ref117]\], mortality in two \[[@pone.0191980.ref102], [@pone.0191980.ref104]\] and rate of opportunistic infections was reported in one study\[[@pone.0191980.ref113]\] Costs were considered in six studies \[[@pone.0191980.ref071], [@pone.0191980.ref073], [@pone.0191980.ref116], [@pone.0191980.ref118]--[@pone.0191980.ref120]\].

[Fig 3](#pone.0191980.g003){ref-type="fig"} depicts the number of studies that included outcomes within each category of interest (either as primary or secondary) and the proportion of these that demonstrated a statistically significant improvement. Studies were more likely to report positive results for process measures, and less so for surrogate markers, health care utilization, or patient-oriented outcomes. No studies found a negative impact from the patient navigator intervention.

![Number of studies reporting statistically significant positive vs null outcomes (primary or secondary) by outcome category.](pone.0191980.g003){#pone.0191980.g003}

With respect to publication bias, the proportion of studies reporting a statistically significant improvement in a primary outcome, across sample size quintiles, was 57%, 56%, 68%, 83%, and 69%.

Discussion {#sec018}
==========

Healthcare systems worldwide are under tremendous strain to address the needs of patients with chronic diseases. Since improving access to care and adherence to recommended treatment may improve outcomes, there is great interest in navigator programs. Our review of patient navigators for people with chronic diseases identified 54 unique randomized controlled studies. While most studies reported a positive effect of patient navigator programs for their primary outcome, the impact on clinical outcomes remains uncertain. The majority of the outcomes measured in RCTs of patient navigator studies reflect the process of receiving care; few studies assessed patient-oriented outcomes and many studies had short duration of follow-up, with uncertain power to detect an effect on clinical outcomes.

The variability of patient navigation programs found in the existing literature makes it challenging to make definitive statements about their effectiveness. We propose a consistent definition for a patient navigator, i.e., a person with or without a healthcare-related background that engages with patients on an individual basis to determine barriers to accessing care or following recommended guidelines, and provides information relevant to patients' specific circumstances to facilitate self-management and access to care. The primary focus is on overcoming barriers, not providing clinical care, and in doing so patient navigators are often a source of social support.

Most other reviews of patient navigation have been restricted to cancer. The reviews by Wells and Paskett identified 33 studies of patient navigator programs in cancer, not restricted to RCTs \[[@pone.0191980.ref016], [@pone.0191980.ref028]\]. Even when examining patient navigation within one chronic disease (i.e., cancer), there was wide variation in intervention design, study design and study quality. In our review, a higher proportion of studies in cancer prevention or management (n = 32/44, 73%) reported a positive statistically significant effect for one or more primary outcomes versus studies in other chronic diseases (n = 13/23, 56%). Ali-Faisal et al published a systematic review and meta-analysis summarizing the effect of patient navigation programs on health care utilization, including adherence to screening and follow-up care, outcomes that our review classified as process outcomes\[[@pone.0191980.ref121]\]. Programs were required to use the term navigation or a variant in their description to be included in the review. The authors found that patient navigation was effective in increasing screening rates and improving adherence to recommended care; however, the effect on other health outcomes was less convincing and they noted considerable heterogeneity across studies. Our review of patient navigator programs expanded across chronic diseases and despite similar heterogeneity, echoed many of these previous findings and identified similar limitations.

Our study had strengths and limitations. Strengths include the thoroughness of our literature search, and our consideration of a broad group of diseases. A quantitative synthesis may have helped identify factors associated with successful patient navigator interventions, however this was precluded by the heterogeneity in both the intervention design and the outcomes reported. This heterogeneity also made it difficult to make definitive statements about the merit of specific patient navigator activities. We were unable to identify the most important elements of patient navigator programs that were associated with an improvement in the primary outcome. Other potential reasons include incomplete reporting (i.e., some program elements may have been present but not reported) or variation in how the individual features were implemented within programs. Though we were unable to summarize our results quantitatively, a descriptive review of these randomized controlled trials provides a comprehensive summary of navigator programs and outcomes reported. Our review was limited to published reports of randomized controlled trials, and therefore, although we noted a trend toward a lower proportion of small studies reporting statistically significant positive results, we could not rule out publication bias.

Conclusions {#sec019}
===========

Our findings indicate that patient navigator programs improve processes of care, although few studies assessed patient experience, clinical outcomes or costs. The inability to definitively outline successful components remains a key uncertainty in the use of patient navigator programs across chronic diseases. Given the increasing popularity of patient navigator interventions, future studies should use consistent definitions for patient navigator interventions, and in addition to determining which elements of the intervention are most likely to lead to improved outcomes, studies should focus on patient experience and disease-specific clinical outcomes that are important to patients.
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